We present results of a comprehensive scanning tunneling microscopy study of the nucleation and growth of Au islands on Au(100). It is shown that the reconstruction of the substrate produces strong anisotropic effects. Rate equation analysis of the experimental flux and temperature dependence of the island density suggests: (i) a critical size of i = 3 for T = 315 -380 K, but i ) 3 above 400 K; and (ii) strongly anisotropic diffusion, preferentially parallel to the reconstruction rows (activation energy -0.2 eV). We comment on energetic and kinetic aspects of the observed island shape anisotropy.
PACS numbers: 61. 16 .Ch, 68 .55. -a Nucleation and growth of islands during thin film deposition has been studied for decades. Traditional analyses, using mainly scanning and transmission electron microscopy, concentrated on systems where three-dimensional islands form [1] . The results were generally interpreted via rate equations.
Recent revival of interest is associated with the availability of scanning tunneling microscopy (STM) [2 -7] and high resolution surface sensitive diffraction techniques [8 -11] ,which are especially suited for analyses of nucleation and growth of two-dimensional (2D) islands on atomic length scales.
Here we provide results of the first comprehensive study of anisotropic nucleation and growth in a metalon-metal system. STM observations on the homoepitaxial growth on the reconstructed Au(100) surface at temperatures between 31S and 43S K are analyzed quantitatively in a rate equation approach. A key component of our analysis is the demonstration that diffusion is actually strongly anisotropic for Au on Au(100). This is a consequence of the reduced symmetry of the reconstructed Au(100) surface. To this end, we must extend the traditional mean-field rate equations [1] to treat strongly anisotropic diffusion. Comparison with "exact" Monte Carlo simulation results is also used. In this system, we observe noticeable denuded zones at steps orthogonal, but not parallel, to the reconstruction rows. Analogous behavior for Si/Si(100) homoepitaxy was attributed to strongly anisotropic diffusion [2] . In our analysis we do not preclude a priori the possibility that the observed anisotropy is caused by different sticking coefficients (anisotropic bonding) at differently oriented step edges. Instead we examine data for the dependence of the average density of islands N, on the deposition flux R and substrate temperature T at fixed submonolayer coverages, thereby deducing diffusion anisotropy, the probable values of the critical island size i, at and above room temperature, as well as estimates of the binding energy of critical islands and the energy barrier for isolated adatom diffusion.
The experiments were performed in a UHV system with standard facilities for sample preparation and characterization and a pocket-size STM (base pressure 6 x 10 9 Pa).
Final annealing of the sample was at 970 K for 2 h. More experimental details are given in Ref. [12] . Au Fig. 1 . They all resolve the characteristic row modulation of the "hex" reconstructed surface. It originates from the misfit between the more densely packed quasihexagonal topmost layer and the square bulk lattice, which in a simple picture leads to a packing of six topmost layer atoms per five bulk lattice spacings in one lattice direction. Apart from a possible slight rotation of the topmost layer, the rows are approximately oriented along one of the close-packed lattice directions [13] . In Fig. 1 , this surface is covered by near-rectangular islands of monatomic height, equally distributed on the terraces.
Denuded zones are found in the vicinity of step edges on both the upper and lower terrace side, as had been observed for various other growth systems, e. g., Ni/Ni(100) homoepitaxy [12] . These are associated with a reduced adatom density in the vicinity of steps due to condensation of lower terrace Au adatoms at the ascending step or due to downward interlayer transport of upper terrace adatoms to the lower terrace. For a quantitative analysis, the values of the island density, N,-, were determined averaging over several STM images. We find that the island density saturates rapidly with increasing coverage 9 (it i» nearly constant above 0.01 ML), and consistently the average island size increases linearly with 0 (up to 0.2 ML). Figure 2»how» the island density N, -versus the deposition flux, at 31K . It reveals scaling behavior characteristic of that predicted by nucleation theories [1, 14] , specifically R"-' = "-'. The temperature dependence of the island density for a given flux rate (R = 0.5 ML/min) i» shown in Fig. 3 . We find an exponential"Arrhenius-type behavior with different exponents in the temperature ranges 315 =.
T [14] . In the analysis below of the two temperature regimes in Fig. 3 , with R = 0. [14] assume rapid restructuring of islands to compact (near square) shape, and sticking probability of unity for aggregation and nucleation, so the island density at fixed 0 is determined entirely by h/R. Incorporating anisotropic bonding would increase the discrepancy with the experiment, since island growth is then further hindered relative to nucleation.
The experimental value for the island density could only be matched by increasing v by several orders of magnitude, from -10'2/s to 10'6/s (which is unrealistically high), or by inhibiting nucleation by a large factor of -105 (but there is no evidence for, e. g., substrate-mediated adatom repulsion, which might produce such an effect). From these considerations, together with the observation that the shape of the experimental island size distribution disagrees with that obtained from simulations, we rule out isotropic diffusion with i = 1. [15] , and from first principles [16] and simpler calculations (' molecular dynamics -Monte Carlo corrected effective medium predicts Fi = 0.9 eV [17] ).
Previous theoretical estimates [18, 19] The rectangular island shapes and the increasing aspect ratio for higher temperatures suggest strongly anisotropic bonding energies and restricted edge diffusion. The origin of these anisotropy effects is sought in the "hex" reconstruction of the surface.
